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1. WEATHER EXTREMES 
"Coldest December on record" was a frequent comment 

in clirntttological reports from iniiny cities in the Middle 
arid Lower Mississippi Valley, the Ohio Valley, and parts 
of the Gulf Coast States. Listed in table 1 are cities 
where new records were estilblished for length of cold. 
Not a record, but an example of extreme cold occurred 
tit Moline, T11.; here during a 6-dtty period a t  mid-month 
the tempernture areraged 33" F. lower than normal. 

Snowfall in record amounts was reported in numerous 
cities in the Central States and the South (table 2).  The 
principd track of Lows was in tlie vicinity of the Gretit 
Lakes (see Chart IX of [I]) where there was abundant 
snowlttll. However, most of the records were in southern 
cities ~ n d  primarily a result of one storm on the last day 
of December. It is noteworthy that three cities (Erie, 
Pa., Merid inn, Miss., and Muskegon, Mich . ) recei red 
inore snow this month than in iiny month of record. A 
record not included in table 2 was established a t  Mobile, 
A h .  This was the first December since records began 
(1S72) during which snow covered the ground. 

2. MONTHLY MEAN CIRCULATION 
GENERAL FEATURES 

Marked amplification of long Wit\'eS over most of the 
Northern Hemisphere this month (fig. 1) characterized 
the mean 700-nib. circulation in December 1963. This 
relatively low index state is also pictured in figure 2 ,  the 
height ttnomaly for December. l n  this chart the strong 
meridiontd nature of the anomalous flow is apparent over 
the eastern Pacific and North Ainei*icit. Low index coil- 
ditions in the Atlantic were related to a blocking coniplex 
in wliich height anomalies were positive in the north and 
negative in tlie south. 

Differences between the 700-nib. flow in the Atlantic 
and Pacific can be further distinguished. Figure 3 shows 
the niem 700-nib. isotachs during December and arerage 
positions of the principal jet axes. In the Atlantic the 
westerlies split into two branches south of Newfoundland. 
The influence of blocking is thus mit11ifest with the prin- 
cipal band of westerlies displaced over North Africa and 
u secondury stream (norimdly near Iceland) extending 

8. o 
B. 8 

15.0 
24. 1 

7. 4 

northward across Greenland itlid Scandinavia to meet the 
principal jet again in western Siberia. 

Now note the path of tlie average inaxiinuin wind iri 
tlie eastern Pacific. Here there was no split in the wester- 
lies, but a long, meridional fetch from middle latitudes 
almost to the North Pole. This jet essentially is con- 
tinued by the one arising in northern British Columbiii. 
There is little suggestion of it maximum wind current 
breaking into the Pacific Northwest as occurs normally. 
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*Consecutive days. 

TABLE 2.--Snowfall records established in December 1.96s 

Type 01 record 
~ ~~ 

24 -hour... .............. 

Any month ............ 

I Amouiit (in.) Lwation 

Eric, Pa ....................................... xi. 0 
Meridian, Miss. 17. 6 
Muskegon, Midi 82. 0 

.............................. 
.............................. 
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FIGURE l.-h<can 700-mb. contours (tens of feet) for December 
Principal feature of the circulation was its meridional 1963. 

nature. 

FIGURE 2.--Meaii 700-inh. height departure from norinal (tcns of 
feet) for December 1963. Negative values a t  40"-50' N. in the 
western portion of the Northern Hemisphere also exemplify the 
large amplitude of the flow. 
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FIG L ~ R E  3.-*Icrcau ‘iOO-inb. isotachs (meters per second) for Decem- 
ber 1063. Solid arrows indicate principal ases of masinium n-ind 
speed and dashed lines the normal December positions. Sonic 
effects of blocking arc illustrntcd with the princip:il jet south of 
normal from eastcrii Uirited States to Europe :uid :L secondary 
jet to the north. 

I n  Asia the circulation was featmured by an intense 
polar vortex near SOo N. This large Low, some 470 f t .  
deeper than normal, m ~ s  basically responsible for the 
strong zonal flow nt high latitudes. 

A NEW CIRCULATION REGIME 

Pd1 1963 was unseiisoiially warin over most of the 
United States witli only n portmion of the Southeast 
sliglitly cooler than nortiid. Flow a t  the 700-nib. level 
W ~ L S  predominantly zonal arid generally :inticyclonic with 
a deep trough off the wesb coltst and a \VeiLk trough off 
the east coast. During this time the temperate latitude 
westerlies were somewlitit stronger tlinn normal in the 
western portion of the Northern Hemisphere. But  with 
the onset of the winter setmoil in December, widespread 
chmiges in the circulii tion occurred during which the 
zonal index averaged 1 .S 1ii.p.s. lower than normal. 

Differences between the circulation in November and 
December are pictured in figure 4, the height anomaly 
climge between the two months. Large negative changes 
in the centml Pacific reflect the retrogression of the trough 
fortnerly in the Gulf of Alaska (fig. 1 of [2]). This trough 
in December did not deepen siniultaneously with or prior 
to growth of the ridge over western North America. 
It is cleiirly evident from o\-erlapping 5-d:iy mean charts 
thnt the trough deepened subsequent to strengthening 
of the ridge. Negative height anomnly changes in the 
eastern half of North A4rnerica indicate general deepening 
and some decrease in blocking near Bnffiri Isluiid. 

FIGURE $.-Change i n  mean 700-mb. height anomaly (tens of feet) 
froin November to l h x m b c r  1963. Cellular cliaiigcs illustrate 
the marked shift from xoiinl flow in Novcinbcr to nieridionnl 
flow in December. 

Important height :momaly changes in the Atlantic are 
those iissociated with blocking. A strong ridge (figs. 1 
and 2 )  from the North Sea to Greenland replncecl the Low 
tliiit was 1ociLtecl there in November. A major result 
of these changes wis a split in the westerly flow, discussed 
earlier. The southwnrcl displacement of the principal 
belt of westerlies WLS nccompanied by :ivemge 700-mb. 
mind speeds as much as 10 m.p.s. faster Lhiin normal in 
the trough near Spain. 

T t  is apparent thiit blocking in the Atlantic contributed 
to the circulation that affected the United States, but it is 
difficult to assess its precise role. It appears that a block- 
ing ware spread westward from I celancl this montli and 
reinforced the ridge in  western North America (see see. 
4). This almost concurrent decrease in blocking in one 
:%rea atid its transfer upstre:xm has been observed for many 
?-ears. However, consiclering only the monthly mean 
700-mb. height anomaly chart (fig. 2), the strong ridge in 
western North America and blocking in  the Atlantic seem 
to be only loosely nssocitited. 

Another diagnostic aspect of the 700-nib. circulation 
in December was t i  mtijor irides cycle (fig. 5). It wtis 
exceptional because of its occurrence this month instead 
of cluring the late minter and earlj- spring [3]. As iticlicatecl 
earlier the index hid been averaging :Lbove normal and 
as the i d e s  cycle began, lnte in November, the 5-clay mean 
d u e  WRS 3.6 m.p.s. faster than tiormid. The index 
dropped steadily until by mid-December it was 3.6 m.p.s. 
slower than normal as cold air from higher latitudes clis- 
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FIGURE 5.-Time-v:wiation of 700-mb. zonal index (35 '-55' N. and 
5' W.-li5' E.) (solid) and uormal (dashed) for December 1963. 
Indices mere derived from overlapping 5-day mean charts corn- 
puted three times per wcek and plotted at end of each period. 

placed n-arm air in lower latitudes, nncl vice 1-ersa. The 
recovery phase of the cycle begitti soon thereafter and 
reached high values eiirlg in January, coincident with the 
decrease of blocking in the Atlantic (see sec. 4). 

3. AVERAGE MONTHLY WEATHER 
TEMPERATURE 

Repeated surges of Arctic air after the first meek in 
December precluded even temporary moderation of the 
colcl. Further support of continued cold was furnished 
by an abnormal snowcover that reached into the Gulf 
Coast States a t  times. Figure 6, the departure of arerage 
temperature from normal for December, is reminiscent 
of January 1963 [4], the historically cold month during 
which low temperatures also extended from coast to coast. 
This mas the coldest December on record in more than 40 
major cities in IS stntes from Iowa to Ohio and southwurd 
to the Gulf Coast States. According to early reports 
there were also a few records broken in Maine, Vermont, 
and Massachusetts. Other temperature records set this 
month include duration of cold, table I ,  and new Decem- 
ber minima a t  Shreveport, La. (8.8' F.), and  Little Rock, 
Ark. ( - lo  F.). 

Temperatures in the West were generally below normnl 
despite above normal heights and a ridge. The colcl area 
from Utah to southwestern A4ontana was probably main- 

FIGURE 6.-Departure of average surface tcinperature from norm:d 
It is unusual for temperatures to  aver- 

(From [GI.) 
( O F . )  for December 1963. 
age so much lower than normal over such n lwge area. 

taiiied by a combinntion of factors such as colcl air that  
spilled across the Divide, snowcover that was preralen t 
in December, nncl nocturnal radiation. I n  the Sail 
Joaquin and Sncramento Valleys of Cidifornia cold WILS 

principally a function of persistent fog a n d  low cloudiness. 
At Fresno, December was the second foggiest month on 
record with 22 such clays; Sacramento had 26 cloucly clays, 
also a record for the month. 

I n  contrast to the cold there was also some warmth in 
portions of the West, but temperatures were only a degree 
or two above normal. Record maximum temperatures 
were reported in Cnlifornia a t  Sari Diego (88" F.) and a t  
Eureka (77 O F.). 

Month-to-inon th persistence of temperature miom dies 
was large from October to November and extreinelj- sinal1 
from November to December. Such abrupt changes in 
regime from November to December are uncommon; they 
occur most frequently from h4ny to June [ 5 ]  with a sec- 
ondary maxitnum from October to November. Of 100 
representative stations across the Wntion, only 10 remained 
in the same temperature anomaly clnss (out of five) or 
changed by no more than one class. The distribution of 
temperature anomtdy change by class, shown in table 3 ,  

TABLE 3.-Class changes of monthly average siirface temperature 
anomalies in  100 cities jroin November lo December 196s 

Clnss change' Frequency 
(percent) 

+ 4  
+3 
+2 

+:, 
-1 
-2 
-3 
-4 

*+ indicates a chrmgc toward 
higher average temperaturc - 
toward loser. Classcs are d u c h  
below, helow, normal, ahovc, 
;uid moch above. 
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reveals some interesting details. Only one city warmed 
by one nnonialy class and two were unchanged; the other 
97 cities cooled by one to four classes. It is also notnble 
that 64 percent of the stntions esperienced three- or four- 
class chiinges. I n  the study cited above i t  was found that 
the iiverttge persistence of tetiiperiiture anomalies from 
November to December was 67 percent and chance was 
about 59 percent. 

PRECIPITATION 

Over the Northern Plains and westward, precipitation 
totals were about normal (fig. 7), while the Southeast 
received generally heavy ainoun ts. Elsewhere, from the 
Souttiwcst across the Plains to New England, relatively 
dry conditions prevailed. Continued deficiencies this 
Inontli sustained drought conditions, especially in Ohio. 
Here, by the end of December, soil nioisture was far below 
normal with Cleveland reporting its annual (1963) pre- 
cipitation as 18.63 in., the driest year since records began 
in 1871. Akron received 65 percent of normal precipita- 
tion and this was their driest year of record. Other cities 
reported record dryness for December including Detroit, 
Mich., Louisville, Ky., Caribou, Mtiine, and Dallas, Tex. 

Snowfnll was quite heavy and rather general this month 
in the eastern third of the Nation. Many records for 
24-hr. snowfall and December total snowfall were estab- 
lished from the Lakes to the Gulf States (table 2).  Re- 
ferring to figures 1 and 2 ,  the monthly mean 700-mb. flow, 
it is seen that the heavy snow fell along and to the rear 
of the mean trough where the con tours were broadly 
cyclonic and heights were well below normal. Except 
for one storm early in the month, perturbations that 
trttversed the Lakes area were relutivelj- weak (see chart 
IX of [I]). However, short waves aloft associated with 
the surface activity were sufficiently vigorous to produce 
generous snows. Storms that originated in the Gulf of 
Mexico released snow in the South and along the east 
coast, accompanied by near-blizzard conditions. 

4. WEEKLY VARIABILITY 
WEEK ENDING DECEMBER 8 

Some retrogression and flattening of the 7-day mean 
700-mb. flow (figs. SA and 8B) occurred this week as a 
blocking ridge spread to Iceland from its former location 
over north central Europe. Despite temporary weakening 
of the ridge over western North America, cold air was 
driven into the Gulf of Mexico and throughout the East 
Const States (fig. SC). Most of the West cooled several 
degrees this week, influenced by much fogginess and per- 
sistent rtidiution associated with continuous high pressure. 

Early in the week a sniall storm moved from the North- 
erns Pltiins and out through the Ohio Vtillej-, and was 
followed by quite cold air that  lowered temperatures from 
New York State (0" F.) to Floridti (28" F. a t  Tallahassee). 
Some hetivy snow fell in the Oliio Vnlley and New Eng- 
land ~ L S  this storrii passed. 
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FIGURE 7.-Percentage of normal prccipitation for Decembcr 1963. 
Despite heavy snowfall prccipitntion was less than iiormnl over 
much of the Central States arm. (From [6].) 

Near the end of the week, winds aloft became westerly 
across the northwestern qutirter of the country. Foehn 
warming was immediate with temperatures rising tetnpo- 
rtirily to the high 50's and low 60's from Montana to Testis. 
In the westerly flow a new Low from the Pacific deepened 
after crossing the Rockies and beciinie the worst storm of 
the month in the Plains where blizzard conditions were 
prevnlent (75 n1.p.h. gusts reported in Iowa, Nebmska, 
mid I<wnsas). 

WEEK ENDING DECEMBER 1 5  

Over western North America the ridge amplified and 
retrograded somewhat as slight deepening occurred in the 
central Pacific trough (figs. 9A imd 9B). Meunwhile 
heights increased near Iceland and across Canada to 
the eastern Pacific where viilues were 630 ft.  higher than 
norind off the British Columbia coast. South of the 
strong blocking across Cantida, anonlalous heights were 
negative over most of the United States. This circuliition 
favored the southward transport of very cold air. Thus 
temperatures for the week averaged below nornial over 
t8he entire United States (fig. 9C). 

h4an-y places froni I<unstis to North Dakota had aver- 
ages thttt were 20 "-25" F. below normal. Lowest weekly 
average temperature wtis -4' F. a t  Bismarck, N. Dak. 
Temperatures to 0 " F. reached the Tzxas Panhandle, while 
freezing weather extended to the Gulf of Mexico nnd into 
northern Florida. 

Snow showers were frequent in the Lakes area and etist- 
wnrd the first few days this week. Then a Nevnda-type 
Low spread snow and rnin over most of the West. After 
this storm passed the Rockies, heavy snow' fell across the 
northern portions and rain, with some freezing rain, fell 
froin the Ohio Valley to the Gulf Coast. Portions of the 
Gulf Coast States received 3 4  in. of precipitation. 
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. . - Deporfure of Average Tomperdure I r m  Normal ( ' P I  /or the Week Endlng 

Midnighf, l i t ,  December 8. I963 

FIGURE S.-(A) Mean 700-mb. coutours (tens of feet); (B) mean 
700-mb. height departures from normal (tens of feet); aud (C) 
departure of average surface temperature from normal ( O F . )  

(from [SI), all for week eliding I h x m b e r  8, 1963. Blocking 
became well established in the Atlantic. 

FIGURE 9.-(A) Mean 700-mb. coutours (tens of feet); (B) mean 
700-mb. height departures from normal (ten: of feet); a i d  (C) 
departure of average surface temperature from normal ( O F . )  

(from [SI), all for week cnding December 15, 1963. Retrogression 
and increased amplification over North America mere accom- 
panied by very cold air over the Plains States and lower than 
normal temperatures elscwhere. 
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FIGURE 10.-(A) Mean 700-mb. contours (tens of feet); (B) mean 
700-mb. height departures from normal (tens of feet) ; and (C) 
departure of average surface temperature from normal ( O F . )  

(from [6]), all for week ending December 22, 1963. Coldest meek 
of the month east of the Continental Divide occurred as the zonal 
indcs (fig. 5) WRS rising. 

FIGURE 11.-(A) Mean 700-mb. contours (tens of feet); (13) mean 
700-mb. height departures from normal (tens of feet) ; and (C) 
departure of average surface tcmpcrature from normal ( O F . )  

(from [6 ] ) ,  all for week ending Dccember 29, 1963. Warming 
in the  West occurred as the ridge in middle latitudes intensified. 
Northerly anomalous flow helpcd maintain cold in the castcrn half 
of the Nation. 
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WEEK ENDING DECEM : 
This week was dominated by the most severe cold waves 

of the month. Blocking decreased in the Icelandic area 
(figs. 10A and 10B) and apparently reappeared over the 
Beaufort Sea. Here the height anomaly associated with 
the High at  700 mb. was 920 f t .  greater than normal. 
Deepening of the trough in eastern North America rein- 
forced the northwesterly flow that transported three 
Arctic air masses into the country east of the Divide. 

Temperatures for the week were lower than normal 
(fig. 10C) except in portions of the Great Basin and 
Pacific Northwest. It was unusually cold east of the 
Continental Divide with the freezing line reaching to the 
Gulf of Mexico and well into central Florida. Tempera- 
tures of 0” F. or lower were noted as far south as northern 
Tennessee, southern Missouri, and northern Oklahoma. 
Temperatures averaged 20’-30” F. below normal from the 
northern Plains to the Ohio Valley. Average tempera- 
tures for the week a t  Moline, Ill., and Omaha, Nebr., 
were -4’ F., or 31’ F. below normal. International 
Falls, Minn., coldest in the Nation, averaged -15” F. 
while Fargo, N. Dak., had the largest temperature anomaly 
(-32” F.). 

Rather heavy snow fell the first three-days of the week 
from the northern Rockies to the east coast, associated 
with a perturbation on the Arctic front. This storm 
preceded the second Arctic High of the week and deepened 
remarkably in the vicinity of Nova Scotia as i t  moved 
into the mean trough. Sea level pressure in the Low 
decreased from 1005 mb. off New Jersey to 952 mb. over 
the Gulf of St. Lawrence in a 24-hr. period. 

Precipitation in the last three days consisted of heavy 
rains in the Pacific Northwest, snow along the eastern 
slopes of the Rockies and into the Plains, and an inch of 
rain along the central Gulf Coast and in southern Florida. 

WEEK ENDING DECEMBER 99 

Deepening of the Pacific trough continued for the fourth 
week this month (figs. 11A and 11B), and blocking in 
high latitudes weakened considerably. The ridge over 
western United States was dominant, with heights some 

300 ft. higher than normal in the Great Basin. The Low 
formerly over Labrador migrated northward and split 
into two cells. 

Appreciable warming occurred this week in most areas 
(fig. 1lC).  However, the eastern half of the Nation 
remained cold with temperatures 6 “-9 ” F. below normal 
in the Gulf States. The lowest temperature was -17” 
F. at  Memphis, Tenn. Temperatures in the West in- 
creased, excluding the San Joaquin Valley and portions of 
Utah and Idaho. Largest positive temperature anomaly, 
+12” F., was reported at  Great Falls, Mont. 

Consequently, there 
was little precipitation over most of the United States 
but there were heavy rains along the northern Pacific 
Coast and in portions of the East Coast States. Two 
waves from the Gulf of Mexico, one early in the week, 
produced rain in the South and spread snow to the Lakes. 
On the last day of the month another wave deepened and 
deposited heavy snow in parts of the South and Southeast 
and a severe, damaging glaze in Georgia. Especially 
heavy snow was reported a t  Meridian, Miss. (14 in.), 
Huntsville, Ala. (16 in.), Birmingham, Ala. (8 in.), 
Augusta, Ga. (6.6 in.), and Nashville, Tenn. (5.8 in.). 
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